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Abstract: The effect of both microwave (1000 W-340 s) and conventional heating 13 
(97 ºC-30 s) on the quality and shelf-life of kiwifruit puree was investigated. The growth 14 
of microorganisms and the evolution of enzyme activity, colour, pH, bioactive 15 
compounds and antioxidant activity in the product during storage at 4, 10 and 22 ºC 16 
were checked. The storage temperature had a significant (p<0.05) impact on both the 17 
shelf-life and the nutritional and functional value of the samples: the higher the 18 
temperature, the significantly (p<0.05) faster the rate of both the sample spoilage and 19 
the loss of the bioactive compounds. On the other hand, thermal processing significantly 20 
(p<0.05) reduced the growth of microorganisms and the degradation rate of some 21 
bioactive compounds in a 12-59%, as well as leading to enzyme and colour 22 
stabilization. A longer shelf-life (123 days at 4◦C) and a superior preservation of colour 23 
(∆ESE=6.54) and bioactive compounds (57-67%) were obtained when microwave 24 
heating was the technology selected to process the kiwifruit puree. Microwave heating 25 
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was considered a suitable means of preserving kiwifruit puree that might be 26 
successfully employed as an innovation tool with which to help safe, high-quality and 27 
minimally processed kiwifruit based-products reach the market.  28 
 29 
Keywords: microorganism spoilage, Listeria monocytogenes, enzymes, bioactive 30 
compounds, antioxidant activity, colour.  31 
 32 
1. INTRODUCTION 33 
A wide variety of minimally processed fruit-based products, such as fresh-cut fruits, 34 
fresh-squeezed fruit juices, fruit juice and milk mixture beverages, fruit purees and 35 
smoothies, are being marketed in response to the recent increase in demand for 36 
convenient, easy-to-preserve, health-promoting foods (Elez-Martínez, Soliva-Fortuny, 37 
& Martín-Belloso, 2006). Nevertheless, many fruits which are both appreciated for their 38 
sensory and nutritional value and possess a great potential for industrial exploitation, 39 
e.g. kiwifruit, still seem to be mostly limited to the fresh market outlet, ignoring their 40 
surplus production (Barboni, Cannac, & Chiaramonti, 2010). 41 
Microwave heating has been reported to provide superior quality fruit-based products 42 
with an extended shelf-life, representing a good alternative to conventional preservation 43 
processes (Landl, Abadias, Sárraga, Viñás, & Picouet, 2010). Given the particular way 44 
of heating which takes place during microwave processing (volumetric heating), this 45 
technology leads to higher penetrative power, faster heating rates, higher thermal 46 
efficiency and shorter processing times compared to conventional heating methods. All 47 
these facts seem to result in better organoleptic, nutritional and functional properties 48 
preservation, with a particular effect on colour (Huang, Sheng, Yang, & Hu, 2007; 49 
Vadivambal & Jayas 2007). Similarly to other novel technologies in the field of food 50 
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innovation, microwaves might be a key factor either in the successful differentiation of 51 
products (Deliza, Rosenthal, Abadio, Silva, & Castillo, 2005) or in finding new uses for 52 
some fruits by helping to develop novel ways with which to process them. To this end, 53 
many comparative studies of the effect of microwave and conventional heating on 54 
various quality aspects of fruits have been conducted (Barrett & Lloyd 2012), pointing 55 
out the advantages of microwave heating (Huang et al., 2007). However, it should be 56 
taken into consideration that despite published data on the effect of microwaves on 57 
safety and quality being available for different food systems, to date, little seems to be 58 
known of the impact of microwaves on the shelf-life and post-processing quality loss of 59 
fruit products. The marketing of these products frequently implies a storage step, which 60 
might also relevantly contribute to their final quality. For this reason, the evolution of 61 
their properties and the growth of microorganisms during shelf-life is an important issue 62 
to study (Rodrigo et al., 2003).  63 
A few studies have focused on the evaluation of the shelf-life of microwaved foods 64 
of animal origin. Of theese (i) Aziz, Mahrous, and Youssef (2002) studied the impact of 65 
microwave and gamma-ray processing on the shelf-life of beef when stored at 5◦C, (ii) 66 
Göksoy, James, and Corry (2000) assessed the effect of short-time microwave energy 67 
exposures on several pathogens inoculated in chicken and the shelf-life of the product, 68 
(iii) Hebbar, Nandini, Lakshmi, and Subpramanian (2003) studied the shelf-life of 69 
microwaved and infrared-heated honey and its quality during storage and (iv) Paterson, 70 
Cranston, and Loh (1995) investigated how microwave processing helped to extend the 71 
shelf-life of beef under cold storage.  72 
Despite the existence of one article dealing with microbial, enzymatic, physical and 73 
nutritional issues during the short storage (14 days) of an apple-based product subjected 74 
to minimal microwave processing (Picouet, Landl, Abadias, Castellari, & Viñas, 2009) 75 
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and several studies evaluating the evolution of physicochemical, nutritional and 76 
functional properties during the storage of both microwaved and conventionally-heated 77 
grapefruit (Igual, García-Martínez, Camacho, & Martínez-Navarrete, 2010, 2011 and 78 
2013), no published study has been found comparing the effect of an alternative 79 
microwave process with that of conventional heat pasteurisation on the shelf-life and 80 
quality of a fruit-based product. 81 
The aim of this study was to investigate the influence of microwave and conventional 82 
thermal pasteurization processes and storage at various temperatures (22, 10 and 4◦C) on 83 
the pH, colour, enzyme activity, bioactive compounds and antioxidant activity of 84 
kiwifruit puree, as well as to determine the shelf-life of the product based on its 85 
microbial stability at 4◦C. 86 
 87 
2. MATERIAL AND METHODS 88 
2.1. Sample preparation 89 
Kiwifruit (Actinida deliciosa var. Hayward) produced in Italy was purchased from a 90 
local supermarket. Fruit pieces selected on the basis of a similar soluble solid content 91 
(13-16◦Brix) and apparent fruit quality were peeled, washed with distilled water, cut into 92 
slices and triturated with a Thermomix (TM 21, Vorwerk, Spain), using the fourth 93 
power level for one minute. The obtained puree was preserved in ice-water until further 94 
usage. 95 
 96 
2.2. Treatments  97 
Processing conditions were chosen based on preliminary experiments to simulate 98 
equivalent pasteurization treatments in terms of the degree of enzyme and microbial 99 
inactivation they achieved (Benlloch-Tinoco, Igual, Rodrigo, & Martínez-Navarrete, 100 
5 
 
2013; Benlloch-Tinoco, Pina-Pérez, Martínez-Navarrete, & Rodrigo, 2014). 101 
Requirements for pasteurization of fruit juices or similar fruit-based products are: (i) at 102 
least 5 log10 cycle inactivation of the most relevant pathogen microorganism (FDA, 103 
2004) and (ii) no less than 90% of enzyme inactivation (Gonçalves, Pinheiro, Abreu, 104 
Brandao, & Silva, 2010). In a previous study (data not shown), several power-time 105 
combinations for microwave heating (200-1000 W and 60-340 s) and temperature-time 106 
combinations for conventional heating (90-97 ºC and 30-60 s) were assayed. Those 107 
reaching the required level of peroxidase (POD) inactivation and Listeria 108 
monocytogenes reduction but causing the minimum nutritional and functional value 109 
deterioration were selected to carry out the present work (described below).  110 
 111 
2.2.1. Microwave treatment  112 
A microwave oven (3038GC, NORM, China), provided with a glass turntable plate, 113 
was used to treat the kiwifruit puree. A sample of 500 g was tempered to an initial 114 
temperature of 25◦C and then heated in the microwave oven in a standard size glass 115 
beaker (9 cm inner diameter and 12 cm length) (BKL3-1K0-006O, Labbox, Spain) at 116 
1000W for 340s. The temperature of the sample in the coldest and hottest spots, 117 
previously identified (data not shown), was continuously recorded by means of a fibre-118 
optic probe (CR/JP/11/11671, Optcom, Germany) which was connected to a 119 
temperature datalogger (FOTEMP1-OEM, Optcom). The treated samples were 120 
immediately cooled in ice-water until the puree reached 35◦C.  121 
 122 
2.2.2. Conventional thermal treatment 123 
The conventional thermal treatment consisted of heating the sample to 97◦C for 30 s 124 
in a circulating thermostatic water bath (Precisterm, Selecta, Spain). After the kiwifruit 125 
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was triturated, 20 g of puree was placed in TDT stainless steel tubes (1.3 cm inner 126 
diameter and 15 cm length) and closed with a screw stopper. A thermocouple, 127 
connected to a datalogger, was inserted through the sealed screw top in order to record 128 
the time temperature history of the sample during the treatment. Prior to this heating 129 
step, the samples were preheated to 25◦C to shorten and standardize the come-up time 130 
(150 s). The treated samples were immediately cooled in ice-water until the puree 131 
reached 35◦C. 132 
 133 
2.3. Storage study 134 
Both the heat-treated and the non-treated kiwifruit purees were packaged in clean, 135 
sterile plastic tubes (1.7 cm inner diameter and 11.8 cm length) (ref. 525-0153, VWR, 136 
Spain) and then stored in darkness at 4, 10 and 22◦C for a maximum of 188, 58 and 23 137 
days, respectively. The purpose of storage at 10 and 22◦C was to observe the changes 138 
that may take place in the samples in the case of a partial, or total, rupture of the cold 139 
chain, respectively, during the shelf-life of the product. 140 
 141 
2.4. Analytical determinations 142 
The treated samples, as well as a non-treated sample used as control, were analysed 143 
as described below. Measurements were performed in triplicate at time 0 and at regular 144 
time intervals for each storage temperature tested.  145 
 146 
2.4.1. Chemicals and standards 147 
Unless otherwise stated, all chemicals employed were from Sigma-Aldrich 148 




2.4.2. Colour, pH, enzyme activity and antioxidant activity 151 
Colour of kiwifruit puree samples was measured using a Minolta CM 3600D 152 
spectrocolorimeter (Konica Minolta Sensing, Inc., Japan). The colour coordinates were 153 
obtained and results were expressed according to CIE L*a*b* uniform colour space 154 
(10° observer and D65 illuminant), where: the L* value is a measure of lightness (from 155 
0 to 100); a* is a measure of chromaticity on a green (−) to red (+) axis and b* of 156 
chromaticity on a blue (−) to yellow (+) axis. Colour differences caused by treatment 157 
and storage effects (∆ETE and ∆ESE, respectively) were calculated (see Table 1). To 158 
obtain ∆ETE, the colour of microwave and conventionally treated samples were 159 
compared with that of the non-treated sample, while for ∆ESE, the colour of the treated 160 
or untreated samples at the end of their shelf-life was compared with that of the newly-161 
processed samples. To determine the pH, a digital pH-meter Basic 2 was used (Crison, 162 
Spain). Peroxidase (POD) and polyphenoloxidase (PPO) activity were determined 163 
spectrophotometrically and the DPPH• radical scavenging capacity of kiwifruit extracts 164 
was measured to determine antioxidant activity (AOA) of the samples. More details 165 
about these methodologies appear in Benlloch-Tinoco, Varela, Salvador, and Martínez-166 
Navarrete (2012) and Benlloch-Tinoco et al. (2013).  167 
 168 
2.4.3. Bioactive compounds 169 
The vitamin C (Vit. C) and total phenol (TP) content was measured as previously 170 
described by Igual, García-Martínez, Camacho, and Martínez-Navarrete (2010). Briefly, 171 
ascorbic acid and total vitamin C (ascorbic acid + dehydroascorbic acid) were 172 
determined by HPLC (Jasco, Italy). The procedure employed to determine total vitamin 173 
C was the reduction of dehydroascorbic acid to ascorbic acid, using DL-dithiothreitol as 174 
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the reductant reagent. Total phenols were quantified by using the Folin–Ciocalteu 175 
method. 176 
Total flavonoids (TF) were measured spectrophotometrically, following the method 177 
described by Djeridane, Yousfi, Nadjemi, Boutassouna, Stocker, and Vidal (2006), 178 
based on the formation of a flavonoid-aluminium complex. The extraction of TF 179 
consisted of homogenising 35 g of the sample (T25 Janke and Kunkel turrax) for 5 min 180 
with 40 ml of methanol, 10 ml of chlorhydric acid and sodium fluoride to inactivate 181 
polyphenoloxidases and to prevent phenolic degradation. The homogenate was 182 
centrifuged (11,872 xg, 10 min, 4 ºC) (P-Selecta Medifrigar BL-S, Spain) to obtain the 183 
supernatant. For total flavonoid quantification, 1 mL of the extract was mixed with 1 184 
mL of 20g/L AlCl3 methanolic solution. After incubation at room temperature for 30 185 
min in darkness, the absorbance of the reaction mixture was measured at 430 nm using 186 
a UV-visible spectrophotometer (Thermo Electron Corporation, USA). The TF content 187 
was expressed as mg of rutin equivalents (RE) per 100g of sample, using a standard 188 
curve range of 0-0.05 mg of rutin/mL. 189 
 190 
2.4.4. Microbiological analysis 191 
The survival of L. monocytogenes was evaluated as described by Benlloch-Tinoco, et 192 
al. (2014) with some modifications. Briefly, the kiwifruit puree subjected to both 193 
microwave and conventional heat processing and the fresh kiwifruit puree used to 194 
assess the growth of L. monocytogenes in the sample at various temperatures were 195 
previously inoculated with a mean value (and standard deviation) of 1·107 (2·106) and 196 
2.8·102 (1.5·101) CFU/g, respectively. The total mesophilic bacteria (TMB) and yeast 197 
and mould (Y&M) counts were examined by diluting the uninoculated samples in 0.1% 198 
(w/v) sterile peptone water (Scharlab Chemie S.A., Spain) and enumerating the viable 199 
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cells in Plate Count Agar (PCA, Scharlab Chemie S.A.) and Potato Dextrose Agar 200 
(PDA, Scharlab Chemie S.A.) acidified with tartaric acid (10%), by adding 1mL of 201 
tartaric acid per 10mL of PDA, respectively. The selected dilutions were incubated at 202 
30◦C for 48 h in the case of TMB and at 25◦C for 5 days in that of Y&M. 203 
 204 
2.5. Kinetic modelling degradation 205 
The results of L*coordinate, Vit. C, TP and AOA obtained for kiwifruit puree were 206 
plotted vs. time for all temperatures studied to obtain the kinetic parameters explaining 207 
the colour changes and the degradative loss of bioactive compounds and AOA in the 208 
treated and untreated kiwifruit puree during storage. Reaction order was determined by 209 
fitting experimental data to second-order, first-order and zero-order models. Zero-order 210 
kinetic (Equation 1) resulted to be the one that best fitted experimental data. The same 211 
was observed by (Gonçalves, Abreu, Brandão, & Silva, 2011; Zheng & Lu, 2011). The 212 
time for the concentration of a compound to fall to half its initial value (half-life, t1/2) 213 
was also determined (Equation 2).  214 









1                            (2) 216 
Where  217 
C: concentration of the compound at t (mg·100g-1);  218 
C0: concentration of each compound at time zero (mg·100g
-1);  219 
k: zero-order rate constant (mg·100g-1·days-1);  220 
t: storage time (days);  221 




On the other hand, the temperature dependence of the degradation of these attributes 224 
was studied by employing the Arrhenius equation (Equation 3). In every case, the 225 
goodness of fit between the experimental and predicted data was assessed by means of 226 
the adjusted regression coefficient (adj-R2) (Equation 4), considering that the higher the 227 





 0                             (3) 229 
Where 230 
k: rate constant (days-1); 231 
k0: the pre-exponential factor;  232 
Ea: activation energy (kJ·mol
-1);  233 
R: gas constant (8.314 J·mol-1·K-1); 234 

























                         
 
(4) 236 
   
 237 
Where  238 
m: number of observations;  239 
j: number of model parameters;  240 
SSQ: sum of squares. 241 
 242 
2.6. Statistical analyses 243 
The assumptions of normality and equality of variance were tested by normality plots 244 
and box-plots, respectively. Linear mixed models correlating each one of the attributes 245 
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evaluated in the present study with the type of sample (fresh, conventionally heated, 246 
microwaved), storage temperature and storage time were developed using the SPSS 247 
Statistics 19 software program (IBM SPSS, Inc., USA). A p-value of 0.05 (2-sided) was 248 
assumed to reflect statistically significant differences. Following significant Fisher-F 249 
tests, post-hoc tests (Bonferroni’s) were conducted. Non-linear and linear regression 250 
analyses, based on the Levenberg–Marquardt estimation method, were carried out in 251 
order to estimate the kinetic parameters using the SPSS Statistics 19 software program 252 
(IBM SPSS). Furthermore, a correlation analysis was run between all the studied 253 
components with a 5% significance level. 254 
 255 
3. RESULTS AND DISCUSSION 256 
3.1. Shelf-life determination based on microbial stability 257 
In order to evaluate the impact of processing and storage on the microbial stability of 258 
kiwifruit puree, the survival of L. monocytogenes, taken as the pathogen of greatest 259 
concern in the product (Benlloch-Tinoco et al., 2014) was investigated (Figure 1). At 260 
the same time, TMB and Y&M flora were also followed in the fresh (F), microwaved 261 
(MW) and conventionally-heated (C) samples during storage at various temperatures 262 
(22, 10 and 4◦C) (Figures 2 and 3).  263 
Microwave and conventional thermal treatments lead to a 5.8 (0.4) and 5.1 (0.3) log10 264 
cycle reduction in the count of L. monocytogenes, a 2.1 (0.0) and 1.1 (0.2) log10 cycle 265 
reduction in the count of TMB and a 2.10 (0.10) and 0.95 (0.13) log10 cycle reduction in 266 
the count of Y&M, respectively. While both the microwave and conventional thermal 267 
treatments lead to equivalent L. monocytogenes inactivation (no significant differences), 268 
the microwave process was significantly more effective at inactivating TMB and Y&M. 269 
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After such a reduction in the bacterial counts brought about by processing, a growth 270 
of microorganisms was observed during storage. Linear mixed models were used to 271 
evaluate the effect of storage temperature, storage time and type of sample on their 272 
growth. Significant statistical differences were found in the counts of L. monocytogenes, 273 
TMB and Y&M due to all these factors and their interactions. As expected, the higher 274 
temperature led to a significantly faster growth of these microorganisms and the longer 275 
storage time to significantly higher counts (Figures 1, 2 and 3). Similarly, Rivas, 276 
Rodrigo, Martínez, Barbosa-Cánovas, and Rodrigo (2006) reported faster growth rates 277 
of microorganisms in orange and carrot juice when stored at 12◦C than at 2◦C. On the 278 
other hand, F and MW samples showed by far the fastest and slowest growth rate of 279 
microorganisms at any of the temperatures studied (22, 10, 4 ◦C), respectively, while C 280 
sample exhibited intermediate behaviour. These differences between samples were 281 
found to be more evident at 22◦C and 10◦C than at 4◦C. In this regard, while the 282 
untreated kiwifruit puree was rapidly spoiled by microorganisms reaching 3.2, 4.0 and 283 
4.2 log10 CFU/g for L. monocytogenes, TMB and Y&M after 74 days at 4
◦C, 284 
respectively, the treated samples (MW, C) stored at 4◦C kept microbial loads below 1 285 
log10 CFU/g for 74 days. 286 
The shelf-life of treated samples was determined at 4◦C, taking into account the 287 
acceptable limit established by EU legislation (L. monocytogenes ≤ 2.0 log10 CFU/g and 288 
TMB and Y&M ≤ 3.0 log10 CFU/g) (EU, 2005). On this basis, the shelf-life of C and 289 
MW treated puree was found to be 81 and 123 days, respectively (Figures 1, 2 and 3). 290 
These results are in the range of those published by other authors working on different 291 
fruits subjected to conventional thermal processes. The shelf-life of heat-pasteurized 292 
orange and carrot juice (98◦C for 21s) stored at 2◦C, thermally pasteurized pomegranate 293 
(90◦C for 5 s) stored at 5◦C and conventionally heat-pasteurized orange juice (90◦C for 294 
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50s) stored at 4◦C was found to be 70, 120 and 105 days, respectively (Leizerson & 295 
Shimoni, 2005; Rivas et al., 2006; Vegara, Martí, Mena, Saura, & Valero, 2013). On the 296 
other hand, Picouet et al., (2009) reported that an apple-puree preserved by gentle 297 
microwave heating (652W-35s) had a shelf-life of at least 14 days under refrigeration 298 
conditions.  299 
Bearing in mind the results obtained in the present study, microwave heating seems 300 
to provide greater microbial stability than conventional heat processing, allowing for a 301 
better preservation of kiwifruit puree. In a similar way, other authors have found a better 302 
microbiological shelf-life for various fruit-based products when preserved by novel 303 
technologies, such as pulsed electric fields, than when heat pasteurization is used 304 
(Sampedro, Geveke, Fan, Rodrigo, & Zhang, 2009; Walkling-Ribeiro et al., 2010). This 305 
superiority of microwaves can be supported taking into account the results of another 306 
study in which a further comparison between microwave and conventional heating 307 
processes was performed by means of Pasteurization Units (PU), which allow treatment 308 
severity to be quantified in terms of thermal load (Benlloch et al., 2014). Obtained PU 309 
(80ºC) were 0.53 (0.05) min at the coldest spot and 19 (2) min at the hottest spot for 310 
MW, and 19.27 (0.13) min for C sample. According to these data, kiwifruit puree was 311 
not subjected to a more severe treatment when was processed under microwave heating. 312 
In other words, superiority of microwaves cannot be explained by faster heating rates or 313 
greater temperature achieved. Like it has been reported by other authors, however, this 314 
superiority might indicate the possibility of some enhanced effects associated with 315 
microwaves (Banik, Bandyopadhyay, & Ganguly, 2003; Tajchakavit, Ramaswamy, & 316 
Fustier, 1998).  317 




3.2. Effect of process on enzyme activity. Stability during storage 320 
The impact of processing and storage on kiwifruit puree enzymes was assessed by 321 
investigating the evolution of POD and PPO activity in F, MW and C samples during 322 
storage at 22, 10 and 4◦C (Figures 4 and 5). The enzyme activity was significantly 323 
reduced by both microwave and conventional heat treatments. The mean value (and 324 
standard deviation) of inactivation caused by these processes was 96% (2) and 95.7% 325 
(1.1) of POD and 82% (2) and 43% (4) of PPO, respectively. Despite the fact that the 326 
reduction of POD activity under microwave and conventional heat treatments was found 327 
to be equivalent (no significant differences), the microwaved kiwifruit puree exhibited a 328 
significantly higher PPO inactivation. 329 
On the other hand, the effect of factors, such as temperature, time and type of 330 
sample, on the evolution of enzyme activity during storage was checked by using linear 331 
mixed models. The statistically significant differences observed in POD and PPO values 332 
were caused by the storage time, type of sample and their interactions. In general terms, 333 
F sample showed a significant drop in POD and PPO activity during storage, which may 334 
be attributed to a decrease of the substrates concentration available within the kiwifruit 335 
puree over time. Additionally, PPO is believed to be irreversibly inactivated during the 336 
oxidation of substrate to product due to a free radical-catalyzed fragmentation of one or 337 
more of the six histidine residues that bind the two coppers at the active site (Whitaker, 338 
Voragen, & Wong, 2003). 339 
On the contrary, treated samples (MW, C) exhibited a slighter variation of POD and 340 
PPO activity over time. On the one hand, the residual POD activity remained mostly 341 
constant in treated purees at 4ºC, there being no observed significant differences 342 
between MW and C samples (Figure 4). While the main fall of POD in F puree took 343 
place after 44 days when stored at 4◦C, varying from 8.6 (1.3) to 1.9 (0.2) Abs·min-1·g-1, 344 
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C and MW samples stored at 4◦C maintained the POD activity below 1.5 Abs·min-1·g-1 345 
for all 144 and 182 days, respectively. On the other hand, although the treated samples 346 
exhibited lower residual PPO activity than F puree over time, PPO inactivation was 347 
shown to be reversible (Figure 5). Some reactivation of this enzyme in both the MW 348 
and C samples stored for 74 days at 4◦C was observed, PPO activity subsequently, 349 
remaining mainly constant. Other authors have reported enzymes, e.g. peroxidase, 350 
recovering their activity after heating treatments, especially in high-temperature-short-351 
time processed fruit and vegetables (Thongsook & Barrett, 2005). 352 
From the results obtained, it can be seen that significantly lower residual activity and 353 
a markedly smaller variation of POD and PPO enzymes was found to take place during 354 
the storage of treated samples; this is especially true in the case of POD, one of the 355 
enzymes which most relevantly contributes to the deterioration in the colour and 356 
nutritive value of kiwifruit (Fang, Jiang, & Zhang, 2008), a fact that can be taken as an 357 
indicator of the stability provided by processing. In this respect, and taking into account 358 
the widely recognized detrimental effects of these enzymes, the microwave and 359 
conventional thermal treatments applied to pasteurized kiwifruit puree may be 360 
considered to make a meaningful contribution to the preservation of the product quality 361 
by minimizing the degradative effect of the enzyme during its shelf-life. 362 
 363 
3.3. Effect of process on pH and colour. Stability during storage 364 
The changes in the pH and L*, a*, b* colour coordinates of the kiwifruit puree 365 
brought about by processing and storage were studied. Table 1 summarises these values, 366 
together with the colour changes caused by treatment and storage effects, for treated 367 
samples, both those non-stored (storage 0 days) and those stored until the end of their 368 
shelf-life.  369 
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From the statistical analysis, it can be stated that the pH of the kiwifruit puree was 370 
not significantly affected by processing, but it significantly decreased in all the samples 371 
during storage, irrespective of the temperature, probably due to a significant growth of 372 
the microbial flora (Figures 1, 2 and 3), fact also observed by Elez-Martínez et al. 373 
(2006).  374 
From Table 1 it can be seen that processing had a significant impact on the colour of 375 
the product, being the samples more luminous and changing to a less greenish hue after 376 
treatment. Greater colour changes were observed when the puree was conventionally 377 
heated than when microwaved. Similarly, Chandrasekaran, Ramaanathan, and Basak 378 
(2013) observed that microwaving preserves colours better than other conventional 379 
thermal techniques. The statistical analysis pointed out that the storage time, type of 380 
sample and their interactions brought about significant statistical differences in L* and 381 
b*. However, a* and ∆ESE values were exclusively affected by the storage time and the 382 
type of sample, respectively. In the F sample, L* values decreased from 38.48 to 34.33 383 
and a* values increased from -5.18 to 1.12 for the first 44 days of storage at 4◦C; 384 
thereafter, both of them remained mostly constant. However, b* values did not show a 385 
clear trend. The colour of the treated samples changed in a similar way during storage 386 
although to lesser extent than the F sample, leading to a lower degree of luminosity and 387 
a redder hue angle in every case. The potential degradative impact of POD and PPO 388 
enzymes on the colour of kiwifruit puree was investigated by means of a correlation 389 
statistical analysis (Pearson’s correlation) in both the treated and untreated samples. A 390 
significant correlation between L* and POD (R2 = -0.3244) and PPO (R2 = -0.3226) was 391 
found, which indicated that a loss of luminosity over time might be attributable to the 392 
detrimental activity of POD and PPO enzymes. In this respect, colour stabilization 393 
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observed in MW and C samples could be attributed to the enzymatic stability provided 394 
by processing (Figures 4 and 5).  395 
On the other hand, the kinetics of variation of the colour coordinates and colour 396 
differences during storage was investigated. However, the evolution of L* was the only 397 
colour coordinate that properly fitted zero-order kinetics. The values of the kinetic rate 398 
constant (k) and half-destruction time (t1/2) calculated for the F, MW and C samples at 399 
22, 10 and 4◦C are given in Table 2. To determine the effect of temperature on the 400 
studied parameters, the obtained rate constants were fitted to the Arrhenius equation. 401 
The obtained activation energies (Ea) are also shown in Table 2. In order to describe the 402 
effect of both the treatments and temperature on the rate of decrease in L*, it was 403 
considered that the lower the t1/2 and the higher the k values, the faster the variation of 404 
the L* coordinate. Additionally, a higher value of activation energy means a greater 405 
dependence of the kinetic rate constant on the storage temperature. In general terms, the 406 
storage temperature had a greater impact on the rate of luminosity reduction than the 407 
treatment applied, observing that the higher the storage temperature, the more quickly 408 
the L* values decreased. Althoug microwave heating was the only one having a positive 409 
effect decreasing the rate at which L* changed in the sample irrespective of the 410 
temperature, MW puree was the sample requiring the lowest temperature increase in 411 
order to achieve the same increase in the rate of L* reduction. Despite the fact that 412 
microwave heating leads to a greater sensitivity of the k parameter to temperature 413 
changes during storage, from the viewpoint of luminosity this technology may be 414 
preferred as a means of preserving the kiwifruit puree, since it clearly leads to the 415 




3.4. Effect of process on the bioactive compounds and AOA. Stability during 418 
storage 419 
The influence of processing and storage on the nutritional and functional value of 420 
kiwifruit puree was investigated by checking the changes in the amount of vitamin C, 421 
total phenols and total flavonoids, as well as the antioxidant activity of the puree 422 
samples during storage. Its evolution in the F, MW and C samples stored at 4◦C is 423 
included in Figure 6. 424 
Although processing did not provoke significant losses in the Vit.C, TP and AOA of 425 
the product, it did significantly affect the TF, reducing its content by 28.80% (0.003) 426 
and 42.38% (0.02) when the puree was microwave and conventionally treated, 427 
respectively. As the storage temperature-time and the type of sample also affected these 428 
compounds and AAO, the corresponding degradation kinetics was studied. However, 429 
the loss in TF was not appropriately described by zero-order kinetics. The total 430 
flavonoid content decreased in kiwifruit samples during storage, the higher the storage 431 
temperature, the faster the degradation rate (data not shown). Processing clearly allowed 432 
for a better maintenance of TF during storage, especially when kiwifruit puree was 433 
microwaved (Figure 6). Decrease of TF over time can be explained by the detrimental 434 
activity of PPO, since these compounds are widely known to be common substrate of 435 
this enzyme (Whitaker et al., 2003). Not only a smaller decrease was observed in the 436 
MW and C samples during storage, but also an increase in the total flavonoid content. In 437 
this way, despite the losses caused by processing, from day=16 onwards, the total 438 
flavonoid content was higher in the treated samples than in the untreated ones. 439 
Likewise, Kevers, Falkowski, Tabart, Defraigne, Dommes, and Pincemail (2007) 440 
reported that the total flavonoid content of apricot, yellow pepper, plum and green grape 441 
remained stable, or even increased, during storage.  442 
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As far as the degradation kinetics of Vit. C, TP and AOA is concerned, the values of 443 
the kinetic rate constant (k) and half-destruction time (t1/2) for the F, MW and C samples 444 
stored at 22, 10 and 4◦C are presented in Table 2. From the t1/2 values obtained, whereas 445 
vitamin C may be considered to be the compound which most easily suffers degradation 446 
during storage at 22◦C, the total phenols demonstrated they were the most stable. On the 447 
other hand, both the t1/2 and the k values corroborated the fact that a higher storage 448 
temperature meant a faster degradation of bioactive compounds and a decrease in AOA 449 
in every sample. As expected, the processing of kiwifruit seemed to improve the 450 
stability of TP and AOA when stored at 22◦C, leading to reduced degradation rates. 451 
However, no positive effect of pasteurization treatments (MW, C) was observed in the 452 
total phenol content of the samples stored at 10 and 4◦C. Unlike conventional heating, 453 
microwave processing reduced the degradation rate of Vit. C at 10 and 4◦C. On the other 454 
hand, lower rates of AOA decrease were found in the MW (10 and 4◦C) and C purees 455 
(10◦C). Considering that the MW sample exhibited similar or higher t1/2 and lower k 456 
values for Vit. C and AOA than both the F and C samples, it can be pointed out that the 457 
nutritional and functional value of the kiwifruit puree was equally well or better 458 
preserved during storage when the kiwifruit puree was processed by means of 459 
microwave technology. In addition, vitamin C was the compound showing the highest 460 
activation energy values for every sample, which means that the Vit. C degradation 461 
rates exhibited greater thermal sensitivity than TP and AOA in the treated and untreated 462 
kiwifruit puree. Moreover, the MW sample required a smaller temperature increase to 463 
achieve the same increase in the rate of Vit.C and AOA reduction than the F and C 464 
purees, while conventional heating reduced the heat sensitivity of TP and AOA with 465 
respect to the F sample. 466 
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Despite the fact that the degradation of bioactive compounds may be explained in 467 
many different ways, as a matter of fact, enzyme activity considerably contributes to the 468 
quality loss frequently observed in fruits and vegetables during storage. As has 469 
previously been mentioned (section 3.2.), POD and PPO enzymes may lead to the 470 
oxidation of polyphenolic compounds to quinines that then polymerize to dark melanin 471 
pigments, which is commonly known as enzymatic browning (Friedman, 1996). As a 472 
result, not only the colour, but also the functional value of the product, is affected. In 473 
this respect, a correlation statistical analysis (Pearson’s correlation) was carried out so 474 
as to improve the understanding of the potential connection of colour changes with the 475 
loss in bioactive compounds and AOA observed in kiwifruit samples during storage. As 476 
expected, TP and TF were negatively correlated with ∆ESE (R
2 = -0.5940 and R2 = -477 
0.3208, respectively) and TP were positively correlated with L* (R2 = 0.3296). In other 478 
words, when total phenols and total flavonoids gradually decreased (Figure 6), the 479 
luminosity of the product was reduced and greater colour differences were detected 480 
(data not shown), a fact that could be taken as an indicator of the detrimental activity of 481 
kiwifruit enzymes.  482 
On the other hand, the nutritional and functional value of the microwave and 483 
conventionally treated kiwifruit puree at the end of their shelf-life was compared (Table 484 
1). Despite the fact that the MW sample was stored for a longer period of time, it 485 
showed significantly higher Vit. C and TP, but lower TF, after 123 days at 4◦C. As for 486 
AOA, no differences were observed. The variation of the components brought about by 487 
both processing and storage was calculated as the difference between each compound in 488 
the treated puree at the end of its shelf-life related to the fresh puree and referred to 489 
100g of fresh puree. In this respect, losses of 43%, 23% and 62% in vitamin C, total 490 
phenols and total flavonoids were found for the MW sample (123 days at 4◦C) while 491 
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losses of 61%, 58 and 56% were observed in vitamin C, total phenol and total flavonoid 492 
content of the C sample (81 days at 4◦C), respectively. However, AOA was reduced by 493 
62% in both cases. The results obtained clearly indicate the superiority of microwaves 494 
when it comes to preserving the nutritional and functional value of the product by 495 
equating or reducing the post-processing loss in bioactive compounds and AOA. In the 496 
same way, Igual et al. (2010) reported that microwave pasteurized grapefruit juices 497 
stored at -18◦C better preserved both the total phenols and antioxidant capacity when 498 
compared with fresh or conventionally pasteurized ones. Furthermore, Igual et al. 499 
(2011) found that the use of microwaves led to a greater retention of individual 500 
grapefruit juice flavonoids during storage (4 and -18◦C) than when conventional heating 501 
was used. 502 
 503 
4. CONCLUSIONS 504 
Microwave heating may be considered a suitable means of processing kiwifruit 505 
puree and preserving the safety and quality of the product during storage. This 506 
technology led to a greater or equal degree not only of microbial and enzyme 507 
inactivation but also of the preservation of colour, bioactive compounds and antioxidant 508 
activity in comparison with conventional heating. Microwave-pasteurized kiwifruit 509 
puree s not only exhibited a longer shelf-life (123 days at 4◦C) than the conventionally 510 
heated one (81 days at 4◦C), but also superior colour, vitamin C and total phenol 511 
maintenance over time. Accordingly, microwave technology might be successfully 512 
employed as an innovation tool with which to help safe, high-quality and minimally 513 




Acknowledgements: The authors thank the Ministerio de Educación y Ciencia for 516 
the financial support given throughout the Projects AGL 2010-22176 and AGL 2010-517 
22206-C02-01 and the Generalitat Valenciana for the Grant awarded to the author María 518 
Benlloch.  519 
 520 
3. REFERENCES 521 
Aziz, N. H., Mahrous, S. R., & Youssef, B. M. (2002). Effect of gamma-ray and 522 
microwave treatment on the shelf-life of beef products stored at 5ºC. Food Control, 523 
13, 437-444. 524 
Banik, S., Bandyopadhyay, S., Ganguly, S., 2003. Bioeffects of microwave – a brief 525 
review. Bioresource Technology, 87, 155-159. 526 
Barboni, T., Cannac, M., & Chiaramonti, N. (2010). Effect of cold storage and ozone 527 
treatment on physicochemical parameters, soluble sugars and organic acids in 528 
Actinidia deliciosa. Food Chemistry, 121, 946–951 529 
Barrett, D. M., & Lloyd, B. (2012). Advanced preservation methods and nutrient 530 
retention in fruits and vegetables. Journal of Food Science and Agriculture, 92, 7-22. 531 
Benlloch-Tinoco, M., Igual, M., Rodrigo, D., & Martínez-Navarrete. (2013). 532 
Comparison of microwaves and conventional thermal treatment on enzymes activity 533 
and antioxidant capacity of kiwifruit puree. Innovative Food Science and Emerging 534 
Technologies, 19, 166-172. 535 
Benlloch-Tinoco, M., Pina-Pérez, M. C., Martínez-Navarrete, N., & Rodrigo, D. (2014). 536 
Listeria monocytogenes inactivation kinetics under microwave and conventional 537 
termal processing in a kiwifruit puree. Innovative Food Science and Emerging 538 
Technologies, 22, 131-136. 539 
23 
 
Benlloch-Tinoco, M., Martínez-Navarrete, N., & Rodrigo, D. (2014). Impact of 540 
temperature on lethality of kiwifruit puree pasteurization by thermal and microwave 541 
processing. Food Control, 35(1), 22-25. 542 
Benlloch-Tinoco, M., Varela, P., Salvador, A., & Martínez-Navarrete. (2012). Effects of 543 
microwave heating on sensory characteristics of kiwifruit puree. Food and 544 
Bioprocess Technology, 5, 3021–3031. 545 
Chandrasekaran, S., Ramanathan, S. & Basak, T (2013). Microwave food processingA 546 
review. Food Research International, 52, 243-261. 547 
Deliza, R., Rosenthal, A., Abadios, F. B. D., Silva, C. H. O., & Castillo, C. (2005). 548 
Application of high pressure technology in the fruit juice processing: benefits 549 
perceived by consumers. Journal of Food Engineering, 67 (1), 241-246. 550 
Djeridane, A., Yousfi, M., Nadjemi, B., Boutassouna, D., Stocker, P., & Vidal, N. 551 
(2006). Antioxidant activity of some algerian medicinal plants extracts containing 552 
phenolic compounds. Food Chemistry, 97, 654–660 553 
Elez-Martínez, P., Soliva-Fortuny, R. C., & Martín-Belloso, O. (2006). Comparative 554 
study on shelf life of orange juice processed by high intensity pulsed electric fields or 555 
heat treatment. European Food Research Technology, 222, 321-329.  556 
EU. (2005). Commision regulation (EC) No 2073/2005 of 15 November 2005 on the 557 
microbiological criteria of foodstuffs. Official Journal of the European Union. 558 
Fang, L., Jiang, B., & Zhang, T. (2008). Effect of combined high pressure and thermal 559 
treatment in kiwifruit peroxidase. Food Chemistry, 109, 802–807. 560 
Food and Drug Administration, Department of Health and Human Services. (2004). 561 
Juice HACCP hazards and controls guidance. 562 
http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDoc563 
uments/Juice/ucm072557.htm. Accessed 8 March 2012. 564 
24 
 
Friedman, M. (1996). Food Browning and its prevention: an overview. Journal of 565 
Agricultural and Food Chemistry, 44 (3), 631-653. 566 
Göksoy, E. O., James, C., & Corry, J. E. L. (2000). The effect of short-time microwave 567 
exposures on inoculated pathogens on chicken and the shelf-life of uninoculated 568 
chicken meat. Journal of Food Engineering, 45, 153-160.  569 
Gonçalves, E. M., Abreu, M., Brandão, T. R. S., Silvam C. L. M. (2011). Degradation 570 
kinetics of color, vitamin C and drip loss in frozen broccoli (Brassica oleracea L. 571 
ssp. Italica) during storage at isothermal and non-isothermal conditions. 572 
International Journal of Refrigeration, 34, 2136-2144. 573 
Gonçalves, E. M., Pinheiro, J., Abreu, M., Brandao, T. R. S., & Silva, C. L. M. (2010). 574 
Carrot (Daucus carota L.) peroxidase inactivation, phenolic content and physical 575 
changes kinetics due to blanching. Journal of Food Engineering, 97, 574–581. 576 
Hebbar, H. U., Nandini, K. E., Lakshmi, M. C., & Subramanian, R. (2003). Microwave 577 
and infrared heat processing of honey and its quality. Food Science and Technology 578 
Research, 9(1), 49-53.  579 
Huang, Y., Sheng, J., Yang, F., & Hu, Q. (2007), Effect of enzyme inactivation by 580 
microwave and oven heating on preservation quality of green tea. Journal of Food 581 
Engineering, 78, 687-692. 582 
Igual, M., García-Martínez, E., Camacho, M. M., & Martínez-Navarrete, N. (2010). 583 
Effect of thermal treatment and storage on the stability of organic acids and the 584 
functional value of grapefruit juice. Food Chemistry, 118, 291-299. 585 
Igual, M., García-Martínez, E., Camacho, M. M., & Martínez-Navarrete, N. (2011). 586 
Changes in flavonoid content of grapefruit juice caused by thermal treatment and 587 
storage. Innovative Food Science and Emerging Technologies, 12, 153-162. 588 
25 
 
Igual, M., García-Martínez, E., Camacho, M. M., & Martínez-Navarrete, N. (2013). Jam 589 
processing and storage effects on β-caroten and flavonoids content in grapefruit. 590 
Journal of Functional Foods, 5, 736-744. 591 
Kevers, C., Falkowski, M., Tabart, J., Defraigne, J-O., Dommes, J., & Pincemail, J. 592 
(2007). Evolution of antioxidant capacity during storage of selected fruits and 593 
vegetables. Journal of Agricultural and Food Chemistry, 55, 8596-8603. 594 
Landl, A., Abadias, M., Sárraga, C., Viñas, I., & Picouet, P. A. (2010). Effect of high 595 
pressure processing on the quality of acidified Granny Smith apple purée product. 596 
Innovative Food Science and Emerging Technologies, 11, 557-564.  597 
Leizerson, S., & Shimoni, E. (2005). Stability and sensory shelf-life of orange juice 598 
pasteurized by continuous ohmic heating. Agricultural and Food Chemistry, 53, 599 
4012-4018. 600 
Paterson, J. L., Cranston, P. M., & Loh, W. H. (1995). Extending the storage life of 601 
chilled beef: microwave processing. International Microwave Power Institute, 30(2), 602 
97-101. 603 
Picouet, P. A., Landl, A., Abadias, M., Castellari, M., Viñas, I. (2009). Minimal 604 
processing of a Granny Smith apple purée by microwave heating. Innovative Food 605 
Science and Emerging Technologies, 10, 545-550. 606 
Rivas A., Rodrigo, D., Martínez, A., Barbosa-Cánovas, G.V., Rodrigo, M. (2006). 607 
Effect of PEF and heat pasteurization on the physical–chemical characteristics of 608 
blended orange and carrot juice. LWT- Food Science and Technology, 3,1163–1170. 609 
Rodrigo, D., Arranz, J. I., Koch, S., Frígola, A., Rodrigo, M. C., Esteve, M. J., Calvo, 610 
C., & Rodrigo, M. (2003). Physicochemical characteristics and quality of refrigerated 611 
Spanish orange-carrot juices and influence of storage conditions. Journal of Food 612 
Science, 68(6), 2111-2116. 613 
26 
 
Sampedro, F., Geveke, D. J., Fan, X., Rodrigo, d., Zhang, Q. H. (2009). Shelf-life study 614 
of an orange juice-milk based beverage after PEF and termal processing. Journal of 615 
Food Science, 74(2), S107-S112. 616 
Tajchakavit, S., Ramaswamy, H. S., & Fustier, P. (1998). Enhanced destruction of 617 
spoilage microorganisms in apple juice during continuous flow microwave heating. 618 
Food Research International 31, (10), 713-722. 619 
Thongsook, T., & Barrett, D. M. (2005). Heat inactivation and reactivation of broccoli 620 
peroxidase. Journal of Agricultural and Food Chemistry, 53, 3215-3222. 621 
Vadivambal, R., & Jayas, D. S. (2007). Changes in quality of microwave-treated 622 
agricultural products-a review. Biosystems Engineering, 98, 1–16. 623 
Vergara, S., Martí, N., Mena, P., Saura, D., & Valero, M. (2013). Effect of 624 
pasteurization process and storage on color and shelf-life of pomegranate juices. 625 
LWT-Food Science and Technology, 54(2), 592-596. 626 
Walkling-Ribeiro, M., Noci, F., Cronin, D. A., Lyng, J. G., Morgan, D. J. (2010). Shelf-627 
life and sensory attributes of a fruit smoothie-type beverage processed with moderate 628 
heat and pulsed electric fields. LWT-Food Science and Technology, 43, 1067-1073. 629 
Whitaker, J. R., Voragen, A. G. J., & Wong, D.W. S. (2003). Handbook of food 630 
enzymology. New York: Marcel Dekker, Inc. 631 
Zheng, H., & Lu, H. (2011). Use of kinetic, Weibull and PLSR models to predict the 632 
retention of ascorbic acid, total phenols and antioxidant activity during storage of 633 
pasteurized pineapple juice. LWT-Food Science and Technology, 44, 1273-1281. 634 
 635 
 636 




Figure 1. Survival of Listeria monocytogenes in the kiwifruit puree (F: fresh, MW: 639 
microwaved and C: conventionally thermal treated) during storage at 22, 10 and 4◦C. 640 
The plotted values and error bars represent the average of three replicates and the 641 
corresponding standard deviation. 642 
 643 





Figure 2. Survival of total mesophylic bacteria in the kiwifruit puree (F: fresh, MW: 647 
microwaved and C: conventionally thermal treated) during storage at 22, 10 and 4 ◦C. 648 
The plotted values and error bars represent the average of three replicates and the 649 
corresponding standard deviation. 650 




Figure 3. Survival of yeast and mould in the kiwifruit puree (F: fresh, MW: 653 
microwaved and C: conventionally thermal treated) during storage at 22, 10 and 4 ◦C. 654 
The plotted values and error bars represent the average of three replicates and the 655 
corresponding standard deviation. 656 




Figure 4. Peroxidase activity (POD) in the kiwifruit puree (F: fresh, MW: microwaved 659 
and C: conventionally thermal treated) during storage at 22, 10 and 4◦C. The plotted 660 
values and error bars represent the average of three replicates and the corresponding 661 
standard deviation. 662 




Figure 5. Polyphenoloxidase activity (PPO) in the kiwifruit puree (F:fresh, MW: 665 
microwaved and C: conventionally thermal treated) during storage at 22, 10 and 4 ºC. 666 
The plotted values and error bars represent the average of three replicates and the 667 
corresponding standard deviation. 668 




Figure 6. Vitamin C (Vit. C), total phenols (TP) and total flavonoids (TF) content and 671 
antioxidant activity (AOA, expressed as mM Trolox) in the kiwifruit puree (F: fresh, 672 
MW: microwaved and C: conventionally thermal treated) during storage at 4ºC. The 673 
plotted values and error bars represent the average of three replicates and the 674 
corresponding standard deviation. 675 
 676 
 677 
  678 
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Table 1. Mean values (and standard deviation) of vitamin C (Vit. C, mg/100g), total 679 
phenols (TP, mg GAE/100g) and total flavonoids (TF, mg RE/100g) content and 680 
antioxidant activity (AOA, mM Trolox/100g), pH, colour coordinates (L*, a* and b*) 681 
and colour difference due to processing (ETE) and storage (ESE) of microwaved 682 
(MW) and conventionally heated (C) kiwifruit puree, at the beginning and end of their 683 
shelf-life (4◦C).  684 
 Beginning of shelf-life  End of shelf-life 
 0 days   123 days at 4ºC 81 days at 4ºC 
 MW C  MW C 
Vit. C  64.2 (0.7)a 62.3 (0.7)a  37.2 (0.6)b 25.4 (1.5)c 
TP  25.50 (0.07)a 22.2 (0.3)b  13.92 (0.08)c 9.3 (0.3)d 
TF  0.825 (0.004)a 0.67 (0.02)b  0.437 (0.013)c 0.505 (0.010)d 
AOA  1211 (37)a 1117 (27)b  478 (35)c 463 (41)c 
pH 3.85 (0.14)a 3.75 (0.13)a  3.35 (0.02)b 3.15 (0.02)a 
L* 43.90 (0.02)a 44.81(0.03)b  39.76 (0.02)c 43.67 (0.03)d 
a* -1.11 (0.02)a -1.71 (0.02)b  1.183 (0.012)c 0.19 (0.03)d 
b* 26.81 (0.03)a 22.63 (0.02)b  24.083 (0.012)c 27.06 (0.05)d 
ETE 7.06 (0.02)a 7.54 (0.02)b  - - 
ESE - -  6.54 (0.02)a 7.80 (0.02)b 
Three replicate samples were used to calculate each mean value and the corresponding 685 
standard deviation. Different letters in rows, indicate statistical significant differences 686 








LLbbaaE   689 
Where: the L* value is a measure of lightness (from 0 to 100); a* is a measure of 690 
chromaticity on a green (−) to red (+) axis and b* of chromaticity on a blue (−) to 691 
yellow (+) axis colour coordinate. Subscripts refer to fresh puree (F), newly treated 692 
puree (T0) and treated puree after i days of storage (Tsi). 693 
 694 
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